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Introduction
Traditionally, bacteriocin was widely used for food preservative and human health. The well-known nisin was the first bacteriocin that applied as a food preservative to prevent the growth of Clostridium botulinum spores in cheese [1] . Gradually, this bacteriocin was accepted by 45 countries as bio-preservative in food and till present it was widely used as commercial bacteriocin as a food preservative [2] . Apart of bacteriocin used as food preservative, it was also reported used as a broad spectrum antibiotic in order to kill multi-resistant human bacterial pathogens instead of using conventional antibiotics [3] that were gradually not more effective in controlling human pathogenic bacteria due to the increasing of antibiotic resistance case among human pathogenic bacteria [4] . Similar case was also reported among pathogenic bacteria from aquaculture sites.
The increasing of antibiotic resistance case among pathogenic bacteria in the aquaculture led to the most of the commercial antibiotics was no more effective in controlling bacterial diseases in aquaculture [5] [6] [7] . This happens due to the misuse or overuse of the commercial antibiotic among the fish farmers [7, 8] . Subsequently, fish farmers were left with no option. They have to seek the alternative resources as antimicrobial agents to overcome bacterial diseases outbreak [9, 10] .
Thus, in the present study, we attempted to reveal the potential of the bacteriocin isolated from Escherichia coli as a new antimicrobial agent for aquaculture uses.
Materials and Methods

Fermented pineapple Ananas comosus
Pineapple purchased from local wet market were washed, peeled and grated. The prepared pineapple was then fermented with 1% molasses at room temperature for 1 month. E. coli were isolated from this sample.
Bacteria isolates
Fifty-five bacteria strains namely Aeromonas hydrophila (n=10), Citrobacter frecundii (n=5), Isolation and identification of bacteriocin producing E. coli E. coli was isolated by pour plate method by using eosin methylin blue (EMB) agar (Merck, Germany) as described in the study of Lee et al. [5] . After 24 h incubation, the bacterial colonies that growth on EMB agar with metallic green sheen in color were picked up and stored in tryptic soy agar deep tube (Merck, Germany) for further study. The suspected bacterial isolates were identified by using conventional biochemical tests and confirmed by bacteria identification kit (BBL, USA) as described in the study of Lee et al. [11] . The antimicrobial activity of the isolated E. coli was screened by using well diffusion method as described by Lee et al. [8] and Lee and Wendy [12] . Mueller Hinton agar (Merck, Germany) was used in the antimicrobial test. All the pathogenic bacteria were culture in the tryptic soy broth (TSB) for 24 h at room temperature and adjusted to 10 9 CFU/mL by using physiological saline after 24 h. The concentration was cross check with a Biophotometer (Eppendorf, Germany). The pathogenic bacteria were then spread on the Mueller Hinton agar. A well with a depth of 3 mm was made to fill up with 100 μL of cell-free supernatant fluid of the isolated E. coli after growing them in the TSB broth for 24 h and diluted appropriately. The inoculated media were incubated for 24 h at room temperature. The antimicrobial activity was determined by the measurement of the diameter of the inhibition zone around the wells [10] . The bacterial isolate showing the widest zone was used for further study.
Partial purification of bacteriocin
Partial purification of bacteriocin was done as described Joshi et al. [13] . E. coli that showed the widest inhibition zone was cultured in TSB for 24 h at room temperature. After incubation, the broth was centrifuged at 14,000 rpm for 10 min to separate out the bacterial cells. The supernatant was used as a crude bacteriocin. Different concentrations (10-70% of the total volume of the crude supernatant) of ammonium sulfate (Merck, Germany) were added to the supernatant and kept undisturbed at 4°C overnight after vortex. Precipitate formed after overnight incubation was collected by centrifugation at 14,000 rpm for 10 min and dissolved in 20 mmol sodium phosphate buffer at pH=6.0. Each fraction was screened for their antimicrobial activity and recorded in comparison with the crude bacteriocin. Fraction recorded with the widest inhibition zone was used for minimum inhibitory concentration (MIC) test.
MIC values determination
Crude bacteriocin partially purified with 20% of ammonium sulfate showed the widest inhibition zone against the present pathogenic bacteria. The values of MIC of the crude bacteriocin fraction against pathogenic bacterial isolates were determined through a two-fold broth microdilution method [9, 10] . The final bacterial cells concentration was 10 5 CFU/mL [14] . The bacterial isolates were cultured in TSB for 24 h at room temperature, and the concentration of these cultures was adjusted to 10 9 CFU/mL by using physiological saline. The concentration was cross-check with a Biophotometer (Eppendorf, Germany). The bacterial suspensions were then inoculated into a microtiter plate that contained a serial dilution of crude bacteriocin fraction and kanamycin as a positive control. The microplate was then incubated at room temperature for 24 h. The MIC values were defined as the lowest concentration of the crude bacteriocin fraction in the wells of the microtiter plate that showed no visible turbidity after 24 h incubation.
Results
In the present study, E. coli producing bacteriocin was successfully isolated from fermented pineapple, A. comosus. The bacteriocin derived by partial purification using 20% of ammonium sulfate showed the widest inhibition zone against all the present pathogenic bacteria namely A. hydrophila (n=10), C. freundii (n=5), E. tarda (n=10), Flavobacterium spp. (n=10), Pseudomonas spp. (n=10), V. parahaemolyticus (n=5) and V. alginolyticus (n=5) ( Figures-1-3) .
The widest inhibition zone of E. coli strain against all the present pathogenic bacteria was selected to determine the MIC values of its bacteriocin The MIC values of partially purified bacteriocin and kanamycin recorded in the present study ranged from 7.81 to 31.25 ppm and 15.63 to 125 ppm, respectively (Table-1 
Discussion
To date, there are a lot of studies on the application of bacteriocin in aquaculture. For instance, Byun et al. [15] reported the effect of Lactobacillus sp. DS-12 in flounder, (Paralichthys olivaceus), and Cai et al. [16] reported the potential of Weissella hellenica DS-12 isolated from flounder intestine as probiotic. Another studyby Cai et al. [17] characterized the lactic bacteria isolated from the intestines of common carp and freshwater prawns. However, none of the studies elaborates the MIC values of the isolated bacteriocin against the pathogenic bacteria. Hence, we claimed that this is the first report on the MIC values of bacteriocin isolated from E. coli against pathogenic bacteria isolated from aquaculture sites.
From the literature survey, we found that bacteriocin from E. coli namely colicin was most extensively studied [18] . The colicin was first found by Gratia as an antimicrobial protein [19] . In spite of the fact, the partially purified bacteriocin isolated in the present study possesses inhibitory activity against all the present pathogenic bacteria from aquaculture sitesis associated to the colicin. The inhibitory activity showed by the present partially purified bacteriocin from E. coli against all the present pathogenic bacteria indicates a huge potential of this bacteriocin to be used as an antimicrobial agent in aquaculture. The partially purified bacteriocin of E. coli by using 20% ammonium sulfate possesses inhibitory effects against all the tested pathogenic bacteria may be due to lysozymes, proteases, hydrogen peroxide or organic acid as described by Verschuere et al. [20] . In this case, further study should be carried out before we can come to a conclusion.
In comparison to kanamycin, the isolated partially purified bacteriocin was found to be more effective in controlling the present pathogenic bacteria in terms of concentration where the MIC values of partially purified bacteriocin was lower compared to the MIC values of kanamycin against the present pathogenic bacteria. Hence, the potential of this partially purified bacteriocin as a new antimicrobial agent is undoubtedly.
Conclusion
In conclusion, bacteriocin derived from the E. coli is proposed to be used as a novel antimicrobial agent against pathogenic aquatic bacteria. However, further studies on the mode of action and the protein profile of the bacteriocin need to be carried out for application in aquaculture.
